or total distance for each anatomic point. Each of these steps will be described in detail.
Digitization of Videoframes
The process of biomechanical analysis of swallowing begins with the investigator's selection of the sequence of frames to be analyzed. Usually, when studying the oral pharyngeal swallow, the onset point is selected as the first video frame exhibiting backward movement of the leading, or most postenor, edge of the bolus in the oral cavity. However, there may be instances in which the onset point is the beginning of movement of the hyoid bone, the soft palate, the larynx, or some other structure.
The software is structured so that any onset point can be selected. 
a 1 -cm-long lead letter taped to the neck, or (3) a coin taped under the subject's chin. In any case, these reference points are identified on each digitized image, and the corresponding reference distance is entered at the onset of the analysis process in response to a software prompt.
Identification and Storage of Anatomic Points of Interest on Each Frame
Once all desired video frames have been digitized, enhanced, and stored, the investigator determines the anatomic points to be marked on each video frame. The number of anatomic points to be marked on each video frame is entered into the program.
We usually mark seven points, in addition to the two points on the manometric sensor or the vertebral bodies that mark posture: (1) values relative to the anchor point. To mark anatomic points, the program places cross hairs on the video screen. By using a mouse connected to the system, the investigator moves the cross hairs to identify the desired anatomic point. By striking a computer key, this point is marked on the digitized image. The process is repeated for all points. When all points of interest are marked on the frame, the x-y coordinates of all points are placed in a digitized data file that is stored independently of the digitized images.
We have examined the interobserver and intraobserver reliability in identification of anatomic points from the video frames. Both interjudge and intrajudge reliability in identification of the aforedescribed seven anatomic points was less than 1 mm.
Calculation of the Vertical and Anterior Movement of Anatomic Points
The physical units of the frame grabber x-y coordinate system are pixels; however, we require information in millimeters.
The reference points delineate a known distance, which has a corresponding distance in pixels. Therefore, a scaling factor can be computed after all of the desired anatomic points are marked on each of the digitized video frames.
Software analysis then extracts positions or movements of anatomic points over time. First, the data from each frame in a swallow is corrected for head movement. Second, the data's dimensions are converted from pixels (device coordinates) to millimeters (physiologic coordinates).
Third, the movement of each point in the vertical or anteroposterior plane is calculated relative to the anchor point of the coordinate system or other selected anatomic landmark.
Plotting the Movement of Selected Anatomic Points
A plotting subroutine is used to display graphically the are stored in a standard format, data across swallows of the same subject and various subjects can be compared. Examples of plots generated by this computer analysis are shown in Figures 3 and 4 . In Figure 3 , the temporal relationship of vertical and anterior movement of the hyoid bone is Figure 4 illustrates the effect of various bolus volumes on the diameter of the upper esophageal sphincter opening in one subject, again using the onset of hyoid movement as time 0. Upper esophageal sphincter diameter and duration of opening clearly increase in this subject as bolus volume increases. important information on the nature of swallowing dysfunction in patients with various types of structural and neurologic damage, and on the selection and effects of appropriate treatment.
